Objective To assess the safety and efficacy of systemic propranolol for the treatment of complicated infantile haemangiomas.
INTRODUCTION
Infantile haemangiomas (IHs) are the most common benign vascular tumours of infancy affecting up to 10% of children, with a female to male ratio of 3:1 1 and a higher prevalence in the Caucasian population.
2 Prematurity 3 and low birth weight (<1500 grams) are considered potential predisposing factors. IHs are characterised by a triphasic clinical and histological evolution with rapid growth ( proliferative phase) followed by a plateau period and a slow spontaneous involution (involutive phase). 4 More than 60% of IHs occur on the face, head and neck. 5 Although benign, the involvement of the eyelids, nasal tip, lips and ears may endanger breathing, feeding and vision or lead to irreversible disfigurement. 6 Bleeding, ulceration and subsequent infection can occur in up to 20% of cases. 7 Early recognition and treatment of critical lesions help in preventing or minimising complications.
Before 2008, treatment for IH had included systemic and intralesional corticosteroids 8 and α-interferon, 9 which were associated with significant adverse effects. In 2008, the first report of the successful use of propranolol radically changed therapy and, since then, propranolol has become the first-line therapeutic agent in the management of IHs. 10 Propranolol is a non-selective β-adrenergic receptor blocker traditionally used for cardiovascular and anxiety disorders. Although the specific mechanism of action on IH remains largely unknown, propranolol appears to produce clinical improvement by inducing vasoconstriction and apoptosis and decreasing expression of pro-angiogenic factors.
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While propranolol's mechanism of action on IH is still under investigation, it has been shown to induce a better and faster response in IH management than systemic steroids, and is associated with fewer adverse effects. 12 13 The purpose of this paper is to present our experience with propranolol for the management of IH in a specialised tertiary care hospital. For this What is already known on this topic?
▸ Infantile haemangiomas are the most common paediatric vascular tumours and most do not require intervention. ▸ Propranolol has become a first-line treatment in the management of infantile haemangiomas.
What this study adds?
▸ Propranolol is a safe and effective treatment of infantile haemangiomas. The adverse effects are mild if the patients are carefully selected, monitored and parents adequately educated about the treatment. ▸ We have simplified our treatment protocol, reducing the need for pretreatment blood testing, ECG, echocardiogram, and ongoing monitoring of blood pressure and heart rate.
group of patients, a therapeutic protocol was designed when there was very limited experience of propranolol for this indication. 14 As a result of our experience, we have modified this protocol, reducing the need for pretreatment blood testing, ECG, echocardiogram (ECHO), and ongoing monitoring of blood pressure (BP) and heart rate (HR).
PATIENTS AND METHODS
A retrospective case notes review was performed on 250 paediatric patients treated with propranolol for IH at our hospital from July 2008 to December 2011. We identified all patients diagnosed with IH for which propranolol was indicated and prescribed according to our protocol, but only those who had completed their course of treatment at least 3 months before were included.
Pretreatment investigations included a full blood count (FBC), urea, creatine, electrolytes, urinalysis, liver function tests (LFT), glucose, ECG, ECHO and clinical photography. Administration of oral liquid propranolol was dosed based on patient weight starting from an initial dose of 1 mg/kg/day, divided in three equal doses, for the first week followed by 2 mg/kg/day, divided in three equal doses, in the second week and then continuous dose adjustments according to the child's weight at each clinical review. The initiation dose for children born prematurely or diagnosed with other comorbidities was 0.5 mg/kg/day divided in three equal doses for the first week, followed by 1 mg/kg/day divided in three equal doses in the second week. Further increases were based on clinical judgement. Children were observed inhospital for 2-4 h with initiation and initial dosage elevation of propranolol therapy ( premature/comorbid patients were observed for at least 4-8 h). Observations included assessment of general well-being, HR and BP monitoring every 30 min. These observations were compared with the age-related referenced data. As outpatients, BP and HR were checked on a weekly basis for the first 4-6 weeks, then fortnightly for the remainder of the therapeutic period. For the measurements taken out of our hospital, we recommended maintaining a BP greater than 70 mm Hg systolic and 35 mm Hg diastolic, with an HR above 100/min and notifying our departmental nurses and/or their local doctor if there are any concerns. Parents/caregivers were made aware of known side effects prior to commencement of therapy, including bradycardia, heart failure, hypotension, cardiac conduction disorder, bronchospasm, peripheral vasoconstriction, weakness and fatigue, sleep disturbance and hypoglycaemia. Parents were advised to stop the propranolol in case of serious adverse effect and to contact a member of our team.
Assessment included evaluation by the clinician as to whether there was no response, poor, good or excellent response, plus photographic documentation of IH at each visit. We defined excellent response as 75%-100% improvement, good response as 50%-75% improvement, poor response as 25%-50% improvement and no response as less than 25% improvement. Propranolol therapy was terminated, according to individual clinical response, by halving the dose for 2 weeks and further halving it for another 2 weeks and then stopped, so that propranolol therapy was gradually reduced and stopped over the course of about 1 month.
Data regarding patient demographics, haemangioma characteristics, indications for propranolol treatment, associated investigations, management modifications, concomitant therapies, side effects and overall effectiveness were compiled into a separate database and analysed.
RESULTS
In all, 201 patients were girls and 49 were boys. About a third of patients (86 patients) were born prematurely, and 14 patients were born after ≥42-week gestation.
IHs were located on the face (181 lesions), head and neck (57 lesions), trunk (36 lesions) and extremities (23 lesions). Concomitant visceral lesions were documented in nine patients (3.6%), seven of which were localised to the liver and the remaining two were intraspinal.
Primary indications for propranolol included: vision compromise (42.0%), bleeding and/or ulceration (30.4%), airway obstruction (8.8%), feeding difficulty (8.4%), risk of permanent disfigurement (4.4%), nasal obstruction (four patients, 1.6%), auditory canal obstruction (three patients, 1.2%), widespread haemangiomas (four patients, 1.6%), compression of neck structures (three patients, 1.2%) and compression of spinal cord (one patient, 0.4%).
Pretreatment blood test investigations and urinalysis did not reveal abnormalities contraindicating propranolol administration in any of our patients. Pretreatment ECG testing showed no signs of cardiac rhythm irregularities (not including sinus tachycardia).
Pretreatment ECHO was normal in 208 patients (83.2%), clinically inconsequential in 34 patients (13.6%) and abnormal in eight patients (3.2%). Pathologies included VSD (four patients), large PDA (two patients), aortic coarctation (one patient) and tetralogy of Fallot (one patient). Four patients required a surgical procedure (VSD closure in one patient, aortic coarctation repair in one patient, PDA ligation in one patient and tetralogy of Fallot repair in one patient).
The cardiac defects were already known in seven of these patients. One patient presented to the department of paediatric dermatology first with a large segmental facial haemangioma and pretreatment ECHO revealed aortic coarctation.
The inhospital monitoring period was uneventful in all of the patients presented in this series.
The median age at the beginning of propranolol treatment was 4.5 months (range 0.7-48.1 months). The median age at the end of propranolol treatment was 16.7 months (range 5.5-61.1 months). The median length of propranolol therapy was 11.8 months (range 0.2-43.0 months). In all, 65 patients started their treatment after the age of 6 months.
Overall, 29 patients (11.6%) received oral prednisolone. All had presented with functional lesions (obstruction of airway or vision) and prescribed prednisolone either before or in the early stages of usage of propranolol for IH. Adverse events were observed in 38 patients (15.2%) (table 1). Two patients had asymptomatic bradycardia and one patient had asymptomatic hypotension.
A total of 26 patients (10.4%) had alterations in therapy including dosage reduction/alterations due to side effects (eight patients, 3.2%), temporary withholding of propranolol (six patients, 2.4%) and premature cessation of treatment (12 patients, 4.8%).
Overall, 230 patients (92.0%) did not experience enlargement or recurrence of the lesion after propranolol therapy was stopped. Of the 20 patients (8.0%) who did, 6 (2.4%) required propranolol to be restarted and the other 14 (5.6%) showed reduction in size over time, without restarting propranolol. The average length of treatment in the patients with rebound growth was 46 days shorter than in patients with no rebound growth.
Overall, outcome after stopping the propranolol was graded as no response, poor, good or excellent. A total of 240 patients (96.0%) had good or excellent overall outcome.
DISCUSSION
Our experience has shown propranolol to be an effective treatment for IH. Although systemic β-blockers have the potential to cause adverse effects, the complication rate in our study was low and the adverse effects were not life threatening. In all, 6.8% of our patients experienced wheezing, usually occurring with viral respiratory infection. Wheezing is otherwise common in infancy, with a reported prevalence of 28.5%-32.0%. 15 16 Adverse events reported in recent literature, including hypoglycaemia and hyperkalaemia, [17] [18] [19] were not experienced in our series. For most of our patients, especially those who were otherwise healthy, our original full therapeutic protocol is unnecessary as neither the pretreatment investigations nor the ongoing community based monitoring of BP and HR leads to deferment or alteration of the course of propranolol therapy. As a result, we have updated our treatment protocol (table 2) . Our updated treatment protocol is similar to the recommendations set by experienced group consensus, which was based on comprehensive literature review. 20 The Consensus Report acknowledges that their recommendations are conservative in nature and anticipate revisions. There are minor differences between both protocols. The Consensus Report recommends outpatient initiation of propranolol therapy for patients older than 8 weeks corrected age, with adequate social support and without significant comorbidities. Our protocol recommends that patients are monitored for 2 h in the hospital and for 4 h or longer in patients weighting less than 3.5 kg or with comorbidities. Both protocols are in agreement with regard to pretreatment investigations, target dose, frequency and ongoing monitoring. As well, both protocols emphasise the importance of diagnosing PHACE syndrome, recognising the inherent risks involved in treating PHACE syndrome patients with propranolol and ensuring that that they are managed in close consultation with cardiology department. Our protocol extends even further by recommending when other investigations are indicated, as well as when to consult or refer to other specialties. Moreover, our protocol guides recommendations for the frequency of follow-up, the length of therapy and the appropriate manner to discontinue propranolol at the end of the treatment course.
Updated treatment protocol
Before initiation of propranolol for IH, screening for risks associated with propranolol use should be performed. 20 The prescribing physician should take complete and thorough history and perform physical examination with special emphasis on the signs and symptoms of cardiovascular and pulmonary disease. Pretreatment ECG and ECHO should be performed only in selected group of patients (table 2) .
Contraindications for propranolol include cardiogenic shock, sinus bradycardia, hypotension, greater than first-degree heart block, heart failure, bronchial hypersensitivity and hypersensitivity to propranolol hydrochloride. 20 Parents should be given information about the treatment and the possible adverse effects should be explained thoroughly. A leaflet should be provided including the direct contact number of the responsible team. Parents should be informed not to use lignocaine (usually used as a teething gel) and salbutamol. Propranolol has a potential to lower hepatic blood flow and may increase the toxicity of the lignocaine. 21 Salbutamol is β-adrenergic receptor agonist; therefore, an alternative medication (eg, ipratropium bromide) should be used in case of bronchospasm. Parents should be instructed to ensure that their child is fed regularly to avoid prolonged fasts. Propranolol should be discontinued during intercurrent illness, especially in the setting of restricted oral intake. 20 The starting dose of propranolol is 1 mg/kg/day in three divided doses. HR and BP are measured immediately before and then every 30 min for 2 h after administering the propranolol. Blood glucose is not measured routinely, unless the patient is having signs or symptoms of hypoglycaemia. For infants weighing less than 3.5 kg or with comorbidities, it may be appropriate to continue monitoring for 4 h or longer. This procedure is repeated after 1 week when the dose is increased to 2 mg/kg/day. In patients with suspected PHACE syndrome, it is prudent to start with the lower dose of propranolol-0.5 mg/kg/day in three divided doses and very cautiously increase the dose in small increments as propranolol may theoretically increase the risk of the stroke in these patients if arterial anomalies are present. After the magnetic resonance angiography (MRA) of the head and neck has been performed and arterial anomalies of head and neck have been excluded, the dose can be increased to 2 mg/kg/ day.
In selected patients, additional investigations and referrals should be performed but the propranolol can be commenced while the results are pending. Thyroid function test should be done in patients with liver, parotid or very large haemangiomas to exclude consumptive hypothyroidism and in patients with suspected PHACE syndrome to exclude congenital hypothyroidism. LFT should be done in patients with liver haemangioma and FBC in patients with bleeding haemangiomas. Patients with more than 10 cutaneous lesions 22 and patients with perianal/ perineal haemangioma crossing the midline and/or extending into a gluteal cleft should have an abdominal ultrasound. MRA of the head and neck should be done in patients with suspected PHACE syndrome. Patients with haemangioma in lumbosacral area or perianal haemangioma extending into gluteal cleft should have MRI of the spine. Patients with peri-ocular haemangioma should be referred to ophthalmology department and patients with suspected airway haemangioma should be referred to the ear, nose and throat team.
Ideally, the patient should be reviewed between 4 and 6 weeks after starting treatment, and then approximately 3-4 monthly. Monthly dose adjustment according to the weight of the child is needed unless the haemangioma is responding well to the treatment. Increments that are greater than 0.5 mg/kg/day should include monitoring of the HR and BP for 2 h. Occasionally, higher doses than 2 mg/kg/day of propranolol are required. If any adverse effects occur, the dose of propranolol should be temporarily withheld, lowered or the treatment should be stopped based on the clinical judgement of prescribing physician.
The time of cessation of growth of haemangiomas is very variable, and so the age when propranolol can be stopped, without further growth occurring, is also very variable. The treatment is usually stopped at 12-14 months of age, but substantially longer treatment may be required. When the decision has been made to take the child off propranolol, we recommend gradual dose reduction over 2-4 weeks.
Our experience has shown propranolol to be an effective and safe treatment for IH. On the basis of this experience, we have introduced a simplified therapeutic protocol.
